Effect of pterostilbene on cellular proliferation inhibition and induction of apoptosis in lymphoblastic leukemia cell line by Rahimnejad, Tahereh. et al.









	






	






	






	


 
		

	 !	"#$%&#'(')*'+,'$
 
	
	
	
 !"# 


 -.!	/012#	3	
012$4.567!12'6	83	9:
12;<7)*7-"12=
<.!3	6.>?@.12#<.ABCD12E;


#,	7<F6".@.8.G
$,	H	I	8.
.8.G
',JI	8.
,	
.8.G
;,	6"3	!	@I	8.
.8.G
=,7<F6".@3	
.8	

5:	6K$$L#L('MN*K$;L$L('O.6PK#=L=L('
*NQ
R7!"	JK 	-SDJN)HJ1	
 
 2T6	7	
.63	88 QQ7UV6. WVXDJ".
1 2S6
9X/C	Y&87	
5:	6DQ3%4.Z[86	\CJ<"J.SJDJN)H<	!
75JV69	]
^H
4D%_	"J.`	G
I.ZJ.JV6<"7	W
	G""
K58\J.9	]
V6125^Y	"7587	DJa6.bDc
<	!1d'd;d=ded+d#ddf
".
2
I7
$;;+"g$CJ	""	
5	JC.DH8<	!1"3"7276.@>6	
WCJ<.6P5>64.".Z[3
?hJi6	
4%4	)DJ	4D%_	"	!
58" !"76.@J.W
D:	6	!K83	j6	D 4?$; ;+"g$k.5	J3
J.`	G
k\
;;l ;gl"=gl5^Yed	>6	
f
".

CJ76.@C.DH8<	!1d=Ld#25^Y"#ddk.J.`	G
f
".
g#$%&%'()*+1d=Ld#2WCJ3
k.74D%<	!
edl=dl"$gl5^Y+ded";d	>6	
f
".
e'L;l5^Y"C.DH8+dH9
f
".
1d=Ld#2W
<.@DKj6	D3	9	]
8D%_	".`C.DH858\SDJN)HJ45J.Zm
W PV6aJ4D%_	 >	
9	]


k8.7		
R7!5J5:.5G\
	@7W
<78<	!F"K	-SDJN)HJSDJN)HJ4D%J.`VXDJ".W


*	-	
V6	
	3	6"<F6<0 -.!	/		M./#;de,g=,d#,(#	.8.G7	
W
E
	
Cn>K<.ABCD.D8
o%K.8.G	.8.G6"3	!	@I	8.
WV)K''';eg$d,d'+
,-./0	


7

Q73	/.J4F".D!".@S6F	!<	!
 	!7*8 7H	
3	/.J4G\	B
.3	G\	!.@1#2WSDJN)H	-J
1 	
 
23	/.J V6.DG


3	88  7 pc q	X6. " 7	$=3	/.J 
 4 7*
.643	88#=

	C	J.@1$2W3	883	/.JU8/
C	J4D>!%/ SDJN)H	-J
	#(g=i6:U".
.85J1'2 W"r.
5V6.DG
	-SDJN)HJ3	88.


s>
 	6.
% 7D
If	6.@1;"$2 W\" 	3.6  J H6 
 
SDJN)H 	- J  <.D8 U 6	" <	!8  5X>
T6	
.6 3	88  Q7 U V6.7	1=2W3	88 3	
 t .@
.85:. DP@ !  	-SDJN)HJ NDX
I	X8. 5J
C"7D
	
$d*7\
5>	3	7V6.	H5J

.^3	
7J4	
V66	\767\<	!7D	5JXGj6	DV6
7HcX1g"e2W5>.`8"J5
"	
	
<	!7u<	!

	6J1+2Wi"3f	>@ b9uG@%VHv!w
3	
X	\
76	-SDJN)HJ3	6"7Ht<	!
12345675-849-:5;''
<====="4>
?@

1("e2 WC	J " 	
  <	!" X	\ w   .Q <	!
5
"	
<.D8X	\I.Z86"3	!	@4	)DJ7	66"<	!
J@7H8I.Z7HD"7H	D\
7H!i6:	!"
D:.@.B5J1#d2W
6		I	X8.C	J/3	
4<	6479\	!
5	9: TJ" "7
 3% 6F <	!.8 k\ 	!5J WI	9	]

.D>@<"<>37><87	V>%D:S685J


6PY
.6" \7u6	k8.3H8 7	

3	/.J7H81##2W
" ><
 	
 S6F8	
	: xQ < 	
 7H	
56

<.D<	!7	W8Q6	(=5*	Q7*

y)-Q"7H8<8	
	:xQ3	
"<.@\<.UHD
S6F
<	49J""7
4	!*7	
3	/.J\8><	GH
$d
y)-37Q5*	Q7*7H81#=,#$2W
H: >	
 	!D% 5	9: 
	 	/.J 7u <	!i 7>8
kJ%<F	:i<4D%9A@7uH6 D>JS6."6

3	 7H! W><V6.DG
	/.J7u5	9: 7J.H:

3	<4D%.Y"<4D% >	
J"7!1#e2 WV6	.
><1@Qz64?3%. C	`
3H
BCB$d
O@.Q;L#; B5J 23% 4 	)DJ  33<	64 / 

"7
7H81#+"#g2W
 3	bDc
I	9	]
 8 7><O.D>@ "5:. 4	Y% T	


3	/.J.@1#(2 WVHv!>< 7 .<B@74	I.Z<	!

		/.JJbDc
K3	/.JJI	DJ"."HJ"1$d2W
7  3	 @4	  85J><  4D%S6.k\
<	!
7	/.JbDc
J5J1$#2W.>
.Zm
3	
G
R7!4D%

3	/.J7	1$$2 WI	X8.<"9	]
V67Ht06"><
6	67H8D
.>
z6./44D%	63	71$;"$'2W
 .Z[ J.CJ .	
 .Zm
 4" "SJSDJN)H <	!

 85J <
 \ 4 {: !	@6	J	H5G\  <.Zm
 	@ 7
7	H:I	X8.<6"3	!	@<
 7uI.Z W3%I.Z
	)DJ 
 V" <	!" 	 k8.8 5J <
 4 	
  

.@.B\
7W4|	%><"5	9:3%I	D
7u<	!
c7
	/.JC7
<	!33"33	74R7!
Z J. .u	- 9	]
S>8DJ I. <" S6 J J
SDJN)H
7	W


	G""

CJ58 KV6i!"0.43	
"5JN)H J
	>1#Le< 2	)DJ71}3.6 DJ	DD>#$#" W2CJ<	!
58\#e;d>!3%8
BC
'LdC,V
	@#dl"
!2C
#dd"VJHDBC
#dd:	uV>6	
D.DJ587
 	  " E"'g "=< 7*7>877<7G V.8 WCJ 	!
5^YC
#d=F$.! "<7G',$77  F	J	 	X6 4" WO	
CJ7	3	h6.<
%~"	nf		!W
CJ<.6P5>64J. 	!	
 K.Z7.
CJ<	!O"aJ58\76.@J.W1S4X8.{:	

 "4.D.7;@G
	H-	8G7.	
		8
-7;=	8-IH
4J C
"
7H 
=8
7	 W  "C


	=79K876.@<76.Q	J58.4W
C
9K76.@-W
3
4%~
HJS37D>o	J.87	
"4.DCJ\
4	F"7!aJ~4	4C	9:<	!

	64~i)H34	
:	D
.@WCJF)6.D	J4?	!
#e;d>!"3>	hJJ	nf	3	h6.~3.8:	u4?
776.@O	W79#d;#54S!	t.!CJ(e	QDH
<
76.@WS!	t4D:.@.^C.DH8".@3H<79CJ<"	-<	!
6"!"7CJ	!76.:	uW
S!	tCJ	!5^Y	.!	!bDc
<	!
1'd;d=ded+d#ddf
".
2I7
$;;+"g$5	J
	E"'g"=l<776.@V.87>8WCJ<F:
	!
?hJ76.@J.J".
aJ$d.D".
C
S!	tI7
":	u	!'5	JaJ?hJ"76.@<7G	

C/6f;(d77Q.D
	W4	)DJ	<sP\
CJ5^Y	86	!<sP\	77"	
"bDc
<	!
CJ.@>6	
7X"I"	
8C.DH8<	!CJ7*"76<	!
76.@XJ	
.64C
.:zX/74K

CJ7*74<	!CJ<sP\sP\".Z[5<	!
CJ<C.DH8<	!#dd

 4D% J.<.D
DJ: aJ KCJ5  	!e	 "58 	Q
5^Y" 76.@ "	
 "bDc
<	!8C.DH8 ".@ 	?hJ6" !
776.@ >6	
 7 . 5:	6 W 4?;+CJ 3J	 5	J	!
"D. 	 	"15^Y.:	~H67H6	 ?hJ"77D>#de
.D
.!CJ76.@C
W#d=#V>	CJAD
7
I		J"6 VJ: 7 !"8 "! I7
$d B"	
 6	
76.@W58 !"9L54
58.19
B76.@<76.QW
CJ3
<.D
DJ:	DJaJ74D%<	!1><"2
76.@J. W/-.
"4D%67	)>:V6.J]J\	Q
_	YJI.\	G
 
7H8 WV6-.
I**	ADQaJ
Vn".AD
 	!767	)>: V6.J7  !"8

6	J	H.@WCJ<.86	!!<.")H
 !"5X`
7HD>!
'; 	
"		 !L	#$L&%#'('
58\J4D%".`.VXDJ"..Z}3	!"0 -.!	/


4D%"-.
	-7H	CJ8<.86	!!" !"5X`

7HD>!7.B4".	64D%6	G-.
W
<	
%"6K.	jH	J5^Y.!"".!	5>.!
7:.4c>=L##<.%		)DJ	!7W>6	
<.
% 4 	! 	)DJ 3 3
4% " ?" C	J".8 <.D
	 .Y 3
4" 7
d=Ld#7D:.@.^H9
W


	!D:	6
J.`i!	8KCJJ.`<.ti!	858\<	!
	CJG\
479479$;;+"g$3J	5	J76.@7!	
W
4?8</$;5^Y5	J<	!'ded"#dd5X>f
".

CJ<	!k.C.DH874+$=e"$(5J77*W4?;+
5^Y5	J<	!'ded"#ddCJ5X>f
".
C.DH874<	!
k.gg='"$$77*5JW4?g$5^Y5	J<	!'ded
"#ddCJ5X>f
".
k.C.DH874<	!gd;'"##7
5JW1#W2
4D%S6. K	I"	
 4?^-N
	B3
 4D% <
5:	6i6:C.DH8	>6	
WCJ4D%3
C.DH8<	!e'L;"7*
CJ  	 7 "	
 <	! 'L;(  7*1 $2W 5^Y;d
 k\
 f
".
  4D% _	$gCJ 7* 5^Y 	!edf
".

  4D% _	k\
;(CJ 7*5^Y " 	!+d_	k\
 f
".

4D%edCJ7*C.DH8	>6	
	!1e'L;276.@5JW1'2
5JH9
I"	)V6.Q5^Y81d=Ld#W2

















#W<	G
.Z[4?58\J<.6P5>64.$;;+"
g$5^Y	I"	
5	JVXDJ".bDc
<	!
























$WCJ4D%S6.D
D6	J:4<	7"	
<	!
1~	J2>6	
J	CC.DH8<	!1<.D>8	Q2










'W5^Y.Z[CJ4D%.VXDJ".bD
<	!<	!58\4?
;+C.DH8".@	>6	
5	J


<.@D"
j6	D 8 3	 9	]
i!	8	 4"  D>" 7"S6 	
JJ.`
SDJN)H_	".@4D%CJV6	!

i6:7! W J. CJ<.6P5>64 .<	!58\7!	
 
12345675-849-:5;'=
<====="4>
?@

CJ3
876.@7	6
i!	8"3
D>"7"S6	74<	!
5^Y"edCJ<.6P5>64f
".
H84"7-	!C.DW
5^Y 8 5J  3	 bDc
 I	9	]
5	9:  D>" <	!7u <	!
	/.J3	/.J4<	6479"7
	!BC
#dd,#
7	
1$=2W
.Z3	!"<".g87.8J.J
CJ
	J"	><7|
J<	!""	
<7|


76.@ W876.@7!	
zV6 D>"@7HH8	G
.Z
CJ7.4"	!1$e2W
9	]
MB876.@7!	
3	!"4<.@\k\

CJ .`7 HJ 3	/.J <	!5J1$g2 W9	]
  3	! "
7!	
 8 73	
4 " " 3
  D>" >8DJ I.Z <

7	 W 3
 8 </ !"G:  " 3	/.J J <	!'Led
 HJ3	/.J f
".
;; 	
N
3	/.J f
".
gL#;" f
".

 6 3	/.JeL$+
 f
".
7	1$+2 W6.@pc
 	
 9	]
 8 7
.6	J	G	
.Z58\J<".7J.J<	!
XB W.Z >	
J.<.CJ7bB .	
 9	]
  	!
 I.ZCJ 4D% .76.@ J. 58\ SDJN)H <	!W4D%
CJRP-<. >	@85J>	
<	!.Y 	6 76kJ%<".u

 	)DJ7H8 WCJ  7 	6 3J	
 3	/.JO.D>@ /  	!
3%
4	\	!4D%_	V6.	H7.@	/.J".8.:4D%4	7!
CJ 4<. "3	
<. .Zm
"	/.J "	/.Ji<	!

3	/.J7	1$(2W
9	]
873	<Jr.
"4D%_	k\

7 HJ 3	/.J J 5J1'#"'d2 W" 3	/.J  VHv!
CJ 7 4 <.@\k\
" 	/.J<	! 33 " 34
7 4D% _	 z6./5J1'$"$=2 W 3	 	
 9	]
 8 7

CJ59\ 7i6: J"  8 7!i6:  7 4D% <	!
 V> J 59\376.@ 76[ 5X`
 W<" 7 	 9	]
 
CJ876.@7!	
79
3	/.J<	!.`4.8<.@\J
 >	
z6./44D%_		"	
6	!.4	hJ	8	%<4	JC	9:7H
Vn".76.@<7H8D
_	YkJ%"JJ7HH8 ^H<	!5J
1''2 WCJ3	
 8</   	
N
3	
 G
i<	!
 	
N
3CJ74"D>"@74	3% 		.!	!
:i6: 3	  <. <	!4	hJ	8 5	95J1#=2 WXB I	9	]

	/.J7u5	9:<4	hJ	8	%z6./44D%3.8C	9:
	
3	o.	3	/.J71';2W
CJ <" 7 	 9	]
  VHv!7!	
 HJ 3	/.J <	!
876.@VHv!"76.@<7H8D
_	Y3J6N_	k\

 4	hJ	8' "g i6: 5J WVn".SD% i <	!
6	67H8D
16	67H8D
<4D%7uVn". "i6: 1-
5Ji!	81'=2W
 V6.	H >	
 z6./ 4 k\
 bDc
 <	! 4D% _	
CJ
I"	)D
<	!.@W876.@7!	
	
9	]
_		
CJ  4D%76.@ 58\ <	!5JW 5^Yi6: 	 4D% V6
 3	i6: .6	J <" . 7 	 XB I	9	]
 	 85J<	!
6>!	/.JJW
]
D% _	  >	
 	 5J 4f <.6 I	9	J  V6  4
.@J.WH:k8.83	.u	-9	]
47
%5Jj6	D
.Zm
58\SDJN)H J   4D% _	 " .` C.DH8 
5J W.6	J9	]
 >	
 "	
J<	!V6aJ 4D% _	

 k8. 8 7	 	
 R7! 5J  5:. 5G\  
	@ 7

.B\
<79I	9	]
.@W


.".67
 3	! 4 JH67 6" 3	!	@ I	 8.
".D
 5"	9

V: "I		
56	-8 .8.G 	<"%. M./
D7G7
7B"..@W
'e 	
"		 !L	#$L&%#'('
58\J4D%".`.VXDJ"..Z}3	!"0 -.!	/




 ! "!
 


#$!%	
&
'#"	
(
')#*	
+
'#$,	
-
'.#	
/
'
0#1"	
&
'#1	
∗-



5 !

B	9
@23	=@@!>!
- "1
	>"@23	=@@!>!
. ">"@23	=@@!>!
;>"@23	=@@!>!
G !

B	9
@L
23	=@L
@!>!

234&5	&(4(6&-47+(89
$7&&

(6&-'$7&-

(6&-'715

(6&-#
$


,:$;300;2
.7	

7	

8

 

 	 = 
B 
B  !   78     
===	

3B@
=
	N3====
);7 !  
 	@    N     N ==
=7:@.:@;:@G:@6:@/:5::D
8=-;@;/O-
N=
B@===3	=N
B	
 !"
<00:7 !==N;;(@;O(GO(6:D
O5(@O/(
/P(5::D
=-;@;/O-= @ 3	 7#::G8"N
6:(/:D
@G:(6:D
-O(;:D

;6.(NB===/:
D


;0
 3;07
 N==3=  =
	

	=

=	B

B3B	
,=>;$7	

	
	

?7
>
?@1@HI@>=L@=@B9A@B	1<===
"=!!=	

"123-:5;4
5675-8,.-/

∗

14#1	
7>"@23	=@@!>!
7QP/./...;6O-:
8!71-./0	

12345675-849-:5;'g
<====="4>
?@


$
5
>@ @  @ B>@ B @ B>      H	

 =3 N
	 
B-:5:4
G57-8,55:G
-L
@<
9@>"	
	
3
=
	=B>-::6465.7-.8,5./6:
. 
@A@ @>@9@KR	@K
=
N,B=N	=	"K-:5:4-/75G8,-6-G.;
; 3 9@ L "@  1@ M
         

<
-::64-:7;8,.5---
G =@>@
@!H	 1"==
!!>
!7!>!85P/P4-7;8,-6.;
6 "I@<3M<
=	

A<B-::64.G;7-8,566O/
O" <@ L? I@   <  	
	 
,  
3 3NN 
 
B		">5PP64/;,-P5.-.
/ >@L
<@LS@
<3	B	N	NNB
	

">3KI
5PPO4-G758,55-6
P@S@ " @  T>  BB  =   	
 
 "K
K-::645/768,6G-P
5:U @B@=@
>===		@===
3
 
    I6:  3	   
 N > >H    -::64
5.7G-8,5:O5;
55 1@V@I@<@"H==3B 
"
-::-4G:7558,...O;:
5- >
 @ L M@ B 1@ 9N	 @ 1B > >3@ @   
3
B "
-::;4G-75G8,;O5.P
5. I@V19@I "9
 =    
 	  
I"2
  

	1
"
B-::P4-.75-8,5.:/5G
5; >L@>
B"@VWXH@93A

=,BBN"
"
-::645758,/55:5
5G YA J  B   >3 -:5:4 5G7-8,5GP6. 3 ,
,CCNNN
3
CC5GC-C5GP=
56 9
9@	<@==A>3@	
=
N	,@
B	
""
-:5545/7/8,55::-5
5O @!@KB@"@1X"@K<@!=BN	3
N3	 >1-::-4..7.8,./OP/
5/  S@  @ 9 9<@   9M <== =   

   
	B	N
B-::P45P/7G8,6OP/;
5P B@"@2SK@NBL@
" @1"M@ " 
33 3	=
3@3=
B5PPO4-OG7G-PO8,-5/-:
-: S
@ZV@9
B@ 
A@"
>>3 3	  
 , 
3B=33
NBB1N-:::4-G768,6.P;G
'+ 	
"		 !L	#$L&%#'('
58\J4D%".`.VXDJ"..Z}3	!"0 -.!	/

-5 "[
@I@"N	I@3H"
33B3@3
=
B@BB"9PGBB

15PP/4P-7.8,PP65::-
-- S !@MHB<@?BB  N	   	"" " -::G4
GG7.8,5O/P;
-. 9BU

=
33===3>-::.4G-.G-;,5;GG:
-; >@S?"@ !33
=

= C"9PGBB
=3

	

KB-::P4-/7.68,.--5.;
-G  @ >
@I@ V@>	1@ A=

	  =  

B  ./ 
B3   N	     " 3 >78 -::P4
-7O8,6G:O
-6 
 @ S
 @ " 9@ > @ HH 9@  @     .\
		==3BB9>1">1B
!
1
"1-::G4.O7/8,5O:P-6
-O MBV@9B@MBZ@UB@IM@ B@
	 @
		3B	
>-:5-4;758,;;G5
-/ @>]BH@Z@<@^^@KB
		,
	



H

K-:5-4O7P8,;;G-;
-P  M
BB	=B3	A>3"-::G4G7558,/O6/G
.: "
9@ @99@ 9=3===
  3  3  = 3    CB   3 =
3
B-:554-:-7G8,G;5;
.5 @99<@@3>@ 9M3
B
H=B>-:5:45657-8,5PG-:5
.- @9"@I@
L@V@
1@9	=@=
@_C6GN
BBN	B"B
-:5:4.57O8,5-O-/
.. I@"BVI@1
3@AB
L@I"	

B
B "
-::O4GG75P8,OOOO/G
.; M@@S@99<@ 9M 
3SB-:5:45;7G8,/O.P
.G "
9@ 9,3NB>-:5-45O.7-8,G.65

